The PHENIX experiment uses semileptonic decay channels to measure open and closed heavy flavor cross sections across the rapidity range −2.2 < y < 2.4. High luminosity data are now available for p+p, d+Au, Cu+Cu and Au+Au collisions at √ s NN =200
Introduction

1
At low Bjorken momentum fraction (x) in nuclei, where gluon densities are very high, saturation effects are 2 expected to become important [1] . The modification of gluon densities in high energy collisions involving nuclear 3 targets is inherently interesting because it contains information about such gluon saturation effects, and also because 4 it determines the initial conditions in high energy nucleus-nucleus collisions, where the hot matter effects can be 5 understood only after the initial conditions are known.
6
Charm and bottom quarks are attractive as probes of the hot matter created in nucleus-nucleus collisions because 7 their large mass prevents them from being created thermally in the hot medium. They are created only in hard 8 processes that occur during the nuclear crossing, which is short in high energy collisions due to the large Lorentz 9 contraction of the colliding nuclei in the collision frame. At RHIC, for example, the crossing time is ∼ 0.13 fm/c, 10 which is smaller than the thermalization time of the QGP.
11
The use of heavy quarks and quarkonia to probe the hot matter created in nuclear collisions would be straight- 
d+Au results
19
PHENIX has recently released new results on open heavy flavor (HF) production in d+Au collisions measured via 20 semileptonic decays at mid rapidity [2] . The p T dependence of the nuclear modification is shown in Fig. 1 Au+Au collisions can be attributed, within the uncertainties on R dAu , to hot nuclear matter effects. have certain simple mathematical dependencies on the nuclear thickness T A (r T ) at the nucleon impact parameter r T .
35
The three mathematical forms shown are exponential, linear and quadratic. The plot shows that the forward rapidity 36 modifications require a dependence on T A (r T ) that is quadratic, or greater.
37
PHENIX has recently released measurements of the p T dependence of the J/ψ R dAu as a function of centrality [4] .
38
The data are compared in breakup based on a parameterization of HERA data, a Cronin broadening that is parameterized from low energy data,
41
and a shadowing correction obtained from the nDSG nuclear parton distribution function (nPDF) parameterization.
42
The calculation over-predicts the suppression, but otherwise reproduces the shape of the p T distribution at forward 43 and mid rapidity. However it does a poor job of reproducing the shape of the distribution at backward rapidity. In the is no added Cronin enhancement. This second calculation describes the data reasonably well at low p T at forward and 48 mid rapidity, although it under-predicts the data at higher p T . However at backward rapidity this calculation also fails.
49
At backward rapidity and low p T (where x ∼ 0.1 for the parton in the Au nucleus) production occurs in the nPDF exhibits a suppression similar to that observed in the quark distributions, and a larger anti-shadowing effect.
55
The lack of a strong anti-shadowing effect combined with the absence of an EMC effect in the nDSg nPDF causes the 56 calculated R dAu to remain roughly constant with increasing p T . For the EKS98 nPDF set, the larger anti-shadowing sets at high x, or possibly to some other physics effect not considered.
62
The J/ψ p T broadening relative to p + p collisions can be characterized by plotting the difference of the values of at the three energies, but it should be noted that CNM effects are expected to be quite different for J/ψ production at GeV [14] , and the PHENIX Au+Au data at 39, 62 and 200 GeV provide a J/ψ data set that spans a large energy 88 density range and a broad range of initial conditions and charm production cross sections. At sufficiently high cc 89 pair production rates, a significant fraction of the J/ψ yield is expected to be due to coalescence of c andc quarks indicate that the strong HF electron suppression observed for Au+Au collisions at medium to high p T is due to hot 98 matter effects.
99
New results have now been released for the centrality and p T dependence of R dAu for J/ψ production at 200 100 GeV. The data were measured in rapidity intervals −2.2 < y < −1.2, |y| < 0.35 and 1.2 < y < 2.2. Together with 101 previously published R dAu vs centrality data at twelve rapidities, these complete the PHENIX J/ψ R dAu results from 102 the 2008 RHIC run. Two notable observations have been made about the data. First, the centrality dependence of the 103 modification at the most forward rapidities is found to be stronger than linear in the nuclear thickness. Second, the 104 p T dependence of R dAu at backward rapidity is not described by available calculations, suggesting perhaps a problem that is stronger than is seen at mid rapidity at the same N part , perhaps consistent with stronger CNM effects at forward 110 rapidity.
111
PHENIX has now released J/ψ R AA data from 39 and 62 GeV Au+Au collisions. The modifications are found to 112 be similar to that at 200 GeV. However CNM effects are known to be strongly energy dependent, and CNM reference 113 data will be needed before conclusions can be drawn about the differences between hot matter effects at these energies. 
